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THE CORTAMINATIOR OF WEITE OAK CREEX ‘
WITE SITIVE WASTES FROM CLINTOR LABDRATORIES

On April 26, 194% en examinmtion wes made of the sctive waste dispssal
systez at Clintor Imborstories. This examinmiion incluied an éssey of

the mud slong the sidez and on the bottom of White Cak Creek. The mmbterial
vas found toc be quite strongly metive st & number of pointe, and mrasurdbiy
sctive st the mouth of ths ersek where 1% empiios into the Clinsh Rivwer.
This situstion haé srisen as & resull of {he discharge of sctivs wastes
inte the cresk sterting March G6th, 19bk, The fact that this might cmuse
en fndesirebie condition if continuwed was the veseon vhy stufies of the
sltuation, of which this is & pert, wers undertaksn.

The samples were collecied from the top 0.5 cx of the mud on the greslk
botton and sides &l points indicsbtsd on ths way: The zawples wsyw passsd
through = 100 mezh sieve and the cozrse inclusions discarded. Ths Lousl
setivity was debermined on suitsble sligucte. Two sats of samplies wors
tekeon. The first on April 26, ISkL and the secondéd fivwe deye lster. uring
thie poriod no wotivity was discharged into the orsek. The dat: ere pPro-
gented in Teble I. For comparison, msesurements mzde July b, 194k by

P, L. Elssnucher are included.

Lmaey: Soll

Sewples 4, B, D, E, end F, vsre zssayed for radiomctive counstitusnts es
followa: from .0350 gm to 3.000 gw of soll, devending upcen its mebivity
vas treated with & mixturs of HF and EpS0). 50 mgs ench of barive and
strontive, and 10 mge sech of zircomiuwm, colhwmbiue, ruthenium, telluwrium,
cesium, lenthanum, yitrivm and cerium wers added and the miriure wes
evaporated to dryness.

The residue was fused with Zpl0z. The fused mmss wves tebsn up in valer
end ths insolubls meterial wvas cepbtrifugsd out end washed., The cuzbined
supsrnatant 1iguid and wvashings were peutralizedl with HECL snd tresated with
EF. The rosulting fluoride precipitats was contrifuged out and set aside,
The superneisnt liquid was discerded.

The residuve from the carbomate fusion was trested with 0L and whown mads
btagic with carbonete-fres FHL0E. The hydrcxide pracipitate wues certri-
fuged ocut snd combined with fluorids prscipitate described sbows, The
supernatant liquid wes treated with (NHy)nCOx reagent for the scparation
of barium and estrontium am carhonsiesn. :

"The cowbined NE),0H prscipltate srd fluoride precipitule wse digssted with
BF and the resulting insoluble fluvorides wore soparatsd out and est aside
for the rare-eurth enslysic. The EF filtrate wus treated with HeS and the
precipitete of telluriuw: end Puthsniw: were seperated out anmd discerded.
The filtrate was fumed with HpSQy diluted and wede besic with RHOE. The
restlting prscipitate was fused with Ey00.. The rssidus was broyght into
eolution with EF followsd by Puming with HoS0p. Zirconlum wes urecipitaled
as the phosphate in the presence of 20% oS0y end Ha0s, The columblium in
ths K005 filtrate was purified by presipitation with CELO.




The rare earth fraction was fumed with HpSQ;, and then precivitesed asain
es the Tluoride. Cerium was separatsd by means of the icdate methol. The
Y+Pr fruction was precipiteted as hydroxides from the iodate filtrebe.

Since it was not precticsl to isociszte cesium, ruthenive and tellwive
from Yhe smeme semplo used for the sbove sivmsnutsz, thewse three elomsntz
vers determined on & sopurete Sample.

Holdbsek corriers were added and the semple fussd with RupClz. Tas
filtrates from the carbonste fusion wae saburated with ECl and RaCl
procipitate dincavded, The Filizate from the HCI irestment was mude
bemic witk (BH,)oCOx; end the filirste svaporated to dryness and ignited.
The residue wee tekbn vp In BExD and the cesium procipliisted by fuming
with ECLOy. :

Ths fusion residus was digestsd with BEF. The HF filtrabts wae trwoted
with 8 snd the telluwriwm end ruthenive precipiteted. Tellurim was
isclated by reduction to the metnl with S05;. Ruthsniue was isciabed by
dfezilintion with HC1O0.

All isolsted samples vere welghed snd the setlvities corrscted for per-
oont recovery. Ths activities, corrscoted tv 0 filler Thiskeswe, avrs
presented in Table T1.

¥-5 Selution

Aliguots were teken from sach of fivs, well sgituted, thrwe gallam
sempios of W-6. The mized semple wauw centrifuzsd and the clsar Tilbwate
and small precipitete assayed separatoly. The msthod of mussying vss
eeaentislly similar to that Gescrived shove. The resulis at O thicunsse
are given im Teblo II. The W~6 precipitate sctivities are besed on the
smount of precipitete from 1 cc of W-5 solution.

Broguct Assay

The Liltrate and precipitsts from W-6 storags tank wes treatsd with
hydroxyiamine hydrcchlioride and the product preciplitsted as the Tinorids
vith BF, afier sdding 5 mpes. lanthanum 8s ceryvier. Ths Tlucrido presi-
pitate was dissolved in concentrated HRD:, dilubed snd reprecipiteted ms
sbovs., This wey ropeated thres more timse and the finsl precipitulte
traasfertsd to & P dish ard cowrbed.

Soil sszples A end B vore fused with suidives ecsrbonute; ths mzli wue taban

up in wabter end 80idified. 5 EHzy lanthanun wes added mnd the mixburs
trasted with egus regin. The samples wers copbtrifugesd end The residus
extrected with hot eguas reglia. The residus left from the third treatmont
vas found to be ziphe innctive. The caxbinsd filtretes were evaporatsi o

a m2ell voluse, made basic with XalE and hemted to boiling. The resulting
precipitate wvas contrifuged, washsd and tYsken up ir ECl. The fiuvoride wms
precipitated and purified as the W-6 assay. Ths rezulis for both W6 and the
soll samples ave given in Table II.




. Discussion h
The dats in Teble I shew thut fission profuets are Tived on solle of the

type ocowrring elong White Ogk Creek, Thie finding iz in harsony wilh the
kmown facts concerning the fixetion of cations on claye.

Cley particles for the most part sve slumino-silicate crystuls of the
ipysr lattlice types. Fromw the work of Pauling it has bsen possible to
Tormulnie idemlisged structures for the principle clay minerels In which
the unit packagss sre built vp of superimposed sheets of silice ltetruhedrn
and alumina cctahetra. In nuture the clay minersls wory often 8iffsr
from ths idesl structurse ss & reswit of isomorphous substitutions of
aiveinms for eilicen Iin the silics totrahedys, end the sgubsiituticn of
iron, magnesium, etc., for sluminum in the slumine octakedra. The ideal
structures for the principls cley minerals ere elecirically neulyel. Ths
gley orgotals in vhizh lzoporphouvs substitubions have telsn placsse are
negatlvely charged. Thus generally ihe clazy pletelels beheve as Iaves
arions and eve acccmpanied by cetions whick ers held to the particle by
electrsmmlent bonds. In eoile the amount of calions reguived foxr slwobrds
newtrality may vary fres 1 to 100 millisguiveliente psr 100 mas of seil,

%

%
i

For wozt cationz the binding forse betwesn the ione snd the clsy yzuticle
iz sufficiently week to edmit of ion exchenge. Thet is, cellome leld on
the surfece of the particles mey ezchangs for ceticns in the swromding
sclution. The extent of the exchenge is determined by the relative binding
forses betwsen the exchanging ions and the partisls., Hrchengs experimsntis
. with montzorilionitic clays shov increeeing binding force vith incrszsing
atomic woight srd chergs. Since the Tission products ers of relsfively
high atomic weight und most of them polyvalent, exchange adsorpticn should
play = importent part in the fixsbtion of thoss slements beheving zs cations.

An additions]l phencmens, cherncteristic of clap cocllolds, alme murt s cone
sidered. Uhen positively charged colleids ere mirved with negatively
charged clay particles, mutusl floceulation mey occur with the sulssguent
settling out of the suspended meteriel., Bscause the dischergs licucrs snl
-thz cresk ars allmline (pH 8.3) csrtain of the fiscicn products moy be
inltialiy present as inscluble perticies, yomeessing s pomiitive chargs.

X7 the Tission products are precipiteted, exchange may scour in time,
dspeading upon solubility products, bond forcss, stc., Ixperigents are
piannsd to dsterzine whether or not such & process oscurs.

The relatively small emowmnt of sctivity foumd ir the water phase yay be

due to incomplete fization of the cutions by the clsy, Yhe prese:uce of
volloidul soil particlees in the water, or the fmct that soms of ths fission
products mey be beheving as anions.

- The deia in Teble I indieate thnt the sctivity per gram of soil docrsasse
rapldly with incremsing dietence from the setiling bamins., Since ths
activity iz ciocely assoc ated with the cley, it wscumuintes vherover olmy

' accuaulstesn.




On the other hand, this process resulls in & dilution of the activiiy
with inert cley. This-dilution would, of courss, incrsaze with distence
from the esttling basins. However, the noted decreasse with distance of
the activity per grax of clay is dus not omly to dilution with inert clsy,
but alsc to decay owing to the epprscisbie time of tramsport. It should
be pointed out thet the mud-Tlats ocewrring slong the stream with low
specific activities may novertheless comstitute large sccumulations

of overall mctivity.

It 1z difficult to mske & direct comparison betwsen the samples cocllected
by the authors {4/06/4k and 5/1/bL) and those collectsd by Eisenacher
{7/4/44) beceuse the self-zbsorption differs so greatly. Since most of
the beta activity is feirly soft (i.s. Zr and Cb},self.absorption is a
peramount fector. Taking this into consideration, the dscrsase irn activity
doss not appear to be as great as would be sxpected on the basis of decay
and dilution with inext clay.

An aseay of both W-6 storags solution end five soll samplss {Teble II)
shows that zirconivm end columbium constitute 80- 854 of the total
activity. Thie s in essential agreement with ths rszuiis reported by
Mertens for the W-6 diccherge solution, when aotrsctions are made for the
differsnces in filter thicimsaass. The chsmical wastes ars nsutrelized
vith ResCO; to pES before relesse to the storsge tanls W-5 and ¥-6. PFor
ten days previous to the collection of the first sewmples, the wastos were
treated with 500 pounds of CaCly per dey ip W-6. This treastment effocted
the removal of 2 largs fraction of the activity on ths resuliing precipltate.
The supernatant fiuid in W-6 was led off to be mized with cooling waisr and
emptied into the sstiling basins. The mixture of the iilquor with cooling
vater produced an amdditional precipitate which accumulsted noticesbly on
the bottom of the basins and on ths bottom of the ditch lemding tc White
Oak Crosk.

An sasay of the suspension in the settling basins after csnirifugstion
revaalsed that the bulk of the amctivily was assoziated with thes precipitste.
This finding shows that the decontamination of the waters released to the
cresk could be accomplished by the efficient removal of suspended matier,

The supernatant liguid from W-6 contains substential swoumts of fission
produwets wvhich axrs not oxdinerily present in alkniine filtrates such us
the rare earths, zirconius aznd columbiuws, Bvidently the precipitetiom of
some of thess elewsnts in the presence of F , PO4, CO3 etc. results in
the formation of highly dispersed purticlem. An sdditional factor mmy
be the formation of scluble complexes.

- The RaC0z - CaCl, treatment is evidently quite effsciive in removing
barium strontivwe. On the basis of date presented by W. Q. Smith con-

- eerning the composition of wastes entering W-6, the reiative conten? of

these slements in the VW-6 discharge solution bhad bsen lowsrsd considersbly.

Posaibly the insolubility of the carbonates and the presencs of traces of

barium and strontive in the CaCl, ars responsible for this.




Az previcusly pointed out, not all slements are fixed by soils to the
.sere degree. B riuvm, strontimm, snd cesium ave fized by soil partizles
and held by moderately stremng foress. Recent stulies with the rurs serths
and thorium indicste thet these are very remdily fixed by guote ustroag
bonéing forces end ers diffioult to exchangs off even by prolongsd
lenching with siscitrolytes.

The exchangs properties of zirconium snd columbiva would be dspendent
upon their modas of occurrence, i.e. Iree lons, chargsd oxides, sts. The
saxs holds true for product. At pl’s dealt with hers; both ruthonivm ani
tellurive are present for the most part as snlons snd es such would not
be fixed by clay.




TABLE I

Activities for samples collected &/ééfhkgam} 5/1/4k are for

equivelent £ilter thicknuss of 15 mga/ow

Activities for ssmples coliscted 7/4/hk ars for squivalent
filter thicknessss varying from 95 to 290 mga/cu®

Semple Distance /Yo /grem soil fucfre wster

No. in miles L /o6 /hh 5/1/kb 7/%/uk b Jog fid
1,A 0 1.95 5.57

2 . .053 h.,28 b.26x1073

3 .13 1.hb 1.06x10"%

% .1k .0375 1.56z10°%
5 ) .36h 1.19z10-%
6,8 .15 292 129 2.96x107> 9

7 ’ 3500 7.,03z10"5
8__) 1.3 2,62x10-4
9 .23 096 o
10,0 .50 57 .168 i:gggg:i 0

1n .66 408 ©.6523.0°%
12,D .88 765 179 3.36x1073 1.24g10~%

' 1.57 ' 0255 |

13 .011 2.56x10~3

1h, 9.19x10"3 7.27%10°3 1.51:30‘5

15 5.00 11.2x10°3 2. Thx10"2

16 ) 5,97x10-3 7.08x10-6

17 2.19 )..59x10"3 k. 72%0-6

G 2.59 2.00x107
2.65 1.28210-3




Elemsnt

Bs+8r

Product

hEZ L

(valuss Corrected to O Filter Thickusse

Counts /min/cc Countefein/grm. soil

-5 W6 ’
Filtrate pot. A B D x ¥
84,0 26.8 1.15210% 242 360 67.2 17.
-27T% 3.67% Shg  .68% 884 .55% 1.42¢
18100 10 6.032105 19200 19200 3230 555
8.4  19.2¢ k9.2 5h.0f A6.7% L7286  E5.7%
7920 243 3.53x100 9850 14400 22%0 §27
25.5% 33.3% 3603_5 27.7%  34.9% 32.6% 34,84
1470 166 9.95x10% Bl 5280 9h3 172
&.75¢% 22.7% 8.12¢ 11.6% 12.84 15.84 ik .34
7.2 57.6 ¥.75:10% 1390  1gko 373 75.0
.22% 7.89% 5,884 3.91% L.71% 5.464 5.96%
502 7.20 7.98x107 %

1.69% .99% 65%  .90%

1330 58,2 2.42x10°7 76.2

¥.294 7.98% .20¢ .21

32 4.80 1.12x10% 338

1.39% 659 91%  .95%

1010 26.8

5.27% 3.67%

6.0 < ,05 780 70.8
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